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differentiation of demographic 
characteristics in some Plantago species
1. INTRODUCTION
This study  was in itia te d  as p a r t o f a m ultid isc ip linary  p ro je c t on th e  
re la tio n sh ip  betw een  dem ograph ic , physio logical and g en e tic  p ro p e rtie s  
of P lan tago  species and th e  c h a ra c te r is tic s  of th e ir  env ironm ent.
In th is  p ro je c t, ca rr ied  ou t in th e  N etherlands, th e  d iffe ren ces  in life  
h isto ry  betw een  and w ith in  five P lan tago  spec ies a re  being stud ied  
(Van d er A art 1979).
In add ition  to  Van D elden and Lam bers e t  a l. , (these  proceedings) th is  
paper re p o rts  on d iffe re n c es  in life -h is to ry  c h a ra c te r is tic s  o f populations 
o f P lan tago  m a r i t im a  L. and P. m a jo r  ssp. p le io sp e rm a  P ilger in re la tio n  
to  d iffe ren ces  in env iro n m en ta l fa c to rs . The m ain purpose o f th is  study 
was to  in v es tig a te  if  th e  d iffe re n c es  betw een  populations w ith in  these  
species could be ascribed  to  phenotypic  p la s tic ity  or to  g e n e tic  d iffe re n ­
tia tio n . The re la tiv e  im p o rtan ce  of both  phenom ena as well as th e  re la ­
tionsh ip  betw een  th e  n a tu re  of d if fe re n t population c h a ra c te r is tic s  w ithin 
a spec ies and th e  d is tan ce  be tw een  th e ir  s ite s  in th e  fie ld  will be d iscussed. 
T h ere fo re  tw o a d jacen t populations o f P. m a r i t im a  and th re e  populations of 
P. m a jo r  ssp. p le io sp e rm a  from  d iffe re n t a re a s  w ere stud ied . G ene flow 
be tw een  populations would be m ost likely  in th e  case  of P. m a r i t im a ,  
an ou tcrossing  species, w hereas no exchange of genes betw een  th e  popu­
la tio n s was ex p ec ted  in th e  case  of th e  th re e  P .m a jo r  ssp. p le io sp e rm a  
populations (p lan ts w ith a high deg ree  of selfing).
2. STUDIES WITH P L A N T A G O  M A R IT IM A
The tw o neighbouring popu lations o f P. m a r i t im a  w ere  s tud ied  in th e  n a tu re  
re se rv e  Kwade Hoek, s itu a te d  on th e  island o f G oeree in th e  sou thw est o f the  
N e therlands. The v eg e ta tio n  o f th is  tid a l a re a  ranges from  ha lo ty p ic  com ­
m unities on heavy clay  soils to  com m unities grow ing on inland dunes w ith  
a sandy soil (cf. B eeftink  1975; Blom 1983). As a form  of m anagem ent 
p a r t  o f th e  a re a  is g razed  by c a t t le  from  May to  O cto b er. One o f th e  tw o 
P. m a r i t im a  populations occu rs on th e  edge o f th e  inner sand dunes and 
th e  o th e r  on th e  flooded sandy clay  soils. R e la tiv e ly  la rg e  d iffe re n c es  in 
life -h is to ry  c h a ra c te r is tic s  b e tw een  th e  tw o neighbouring populations w ere 
observed , and besides th is  th e  tw o h a b ita ts  had d if fe re n t soil ty p es, tid a l 
in fluences and g raz ing  in te n s itie s  (Table 1). P re lim inary  s tu d ies  on a llozym e
* G rassland Species R esearch  Group P ub lica tion  No. 97.
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Table 1. C haracteristics o f  two populations of P. maritima in two habitats a t the sa lt marsh 
K vade Hoek <The Netherlands).
Site Soil Grazing Tidal Vegetation 
influences layer
Life span Biomass Propagation Seedlings
Population I:
Edge sand: rabbits seldom open c. 3 yrs. low seed many
of 4.4 mg (winter)
inner Cl" per
dunes 100 g 
dry soil
Population II:
Along sandy clay: ca ttle frequent dense c. 10 yrs. high daughter few
a 2195 mg (summer) rosettes
creek Cl" per 
100 g 
dry soil
v a ria tio n  and m orphological fe a tu re s  suggested  th a t  th e  d iffe re n c es  b e tw een  
th e  tw o populations probably  do no t have a g en e tic  basis. T h ere fo re  i t  was 
p o s tu la ted  th a t  th e  d iffe re n c es  betw een  th ese  tw o populations a re  caused 
by th e  d if fe re n t en v iro n m en ta l fa c to rs . To te s t  th is  hypo thesis -  which dis­
ag rees  w ith th a t  o f G regor & Lang (1950) and J e f fe r ie s  (1977) findings in 
o th e r P. m a r i t i m a  popu lations -  a num ber of fie ld  and lab o ra to ry  ex p erim en ts  
w ere c a rrie d  ou t (cf. Blom 1983).
The d is tan ce  b e tw een  both sam ple s ite s  was about 300 m. In 1970 a 
causew ay was bu ilt in a neighbouring estu t ry  w ith th e  re su lt th a t  a t  Kwade 
Hoek th e  h ig h w ater m ark was ra ised . It is probable th a t  th e  innerdune popu­
la tio n  o f P .m a r i t im a  in th e  upper p a r ts  o f th e  a re a  has becom e estab lished  
since  th en . In o rd er to  explain  th e  d iffe re n c es  in dem ograph ic  c h a ra c te r is tic s  
be tw een  th e  tw o populations, tw o se rie s  o f ex p erim en ts  w ere  conducted .
The aim  o f th e  f irs t  ex p erim en t was to  com pare em erg en ce , e s tab lish m en t, 
and surv ival c h a ra c te r is tic s  o f seed lings from  sown seeds w ith  those  o f seed ­
lings th a t  o ccu r n a tu ra lly .
T able 2 shows th e  re su lts  o f th e  sow ing ex p erim en ts  using seeds from  
bo th  populations. A t th e  edge of th e  inner dunes s ig n ifican tly  m ore of th e  
sown seeds em erged  than  a t  th e  g razed  and reg u la rly  flooded s ite s  (P < 0.05). 
During th e  f irs t  y e a r  no d iffe re n c es  w ere  found in th e  su rv ival r a te  o f seed ­
lings on both  s ite s , bu t a f te r  th re e  y ea rs  s ig n ifican t d iffe re n c es  in th e  ad u lt 
surv ival r a te  w ere  observed  (P < 0.05). When we com pare  th e se  re su lts  w ith 
th e  re su lts  o f dem ographic  s tud ies on p lan ts  th a t  o ccu r n a tu ra lly  (Table 2) 
i t  ap p ea rs  th a t  th e  su rv ival r a te  of th e se  seedlings on th e  edge o f inner 
dunes is w ith in  th e  sam e range  as th a t  observed  in th e  sowing ex p erim en t. 
F ew er n a tu ra lly  occu rring  seedlings survived on th e  g razed  s ite s  th an  in 
th e  sown p lo ts . No im p o rta n t d iffe ren ces  w ere  observed  betw een  th e  
su rv ival r a te  o f th e  n a tu ra lly  occu rring  ad u lts  and o f tho se  from  sown 
seeds. The d iffe re n c es  in em erg en ce  w ere  no t caused by th e  d iffe ren ces  
in su b s tra te  (sand or sandy clay) b u t by th e  sa lin ity  o f th e  soil (Blom 1983).
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Table 2. Emergence and survival o f  P. maritima in a sowing experiment in the field. 
In brackets: plants that occur naturally.
Site a t Kwade Hoek Emergence
(%)
Seedling survival 
(%)
Adult survival 
A fter 3 years 
(%)
Population I:
Edge of inner 33.7 66.3 39.2
dunes (74 .8) (32 .7)
Population II:
Along a creek 18.3 60.0 72.5
(30 .3) (81.1)
Seedling m o rta lity  was h ighest in th e  se a -w a te r  flooded s ite s  w hich was 
also found by Je rlin g  (1982).
The re su lts  show ed th a t  a t  Kwade Hoek em erg en ce  and su rv ival of 
P. m a r í t im a  is re la te d  to  th e  s ite . T here was no im p o rta n t d iffe re n c e  
b etw een  th e  p é rfo rm an ce  o f p lan ts  from  th e  n a tu ra l seedbank and those 
from  sown seeds; en v iro n m en ta l fa c to rs  d e te rm in e  th e  em erg en ce , 
e s tab lish m en t and su rv ival. No s ig n ifican t d iffe re n c es  b e tw een  th e  re su lts  
of a re c ip ro ca l sow ing te s t  and th e  ex p erim en t w ith  m ixed seeds w ere 
observed.
The aim  of the  second se rie s  of ex p erim en ts  c a rr ie d  ou t in th e  
g reenhouse w as to  in v e s tig a te  th e  e f fe c ts  o f env iro n m en ta l fa c to rs  on 
g row th  and way of rep ro d u c tio n , as s trik in g  d iffe re n c es  in th ese  
c h a ra c te r is tic s  w ere observed  betw een  both populations in th e  fie ld  
(Table 1). In th e  fie ld , g raz in g  and inundation  w ere  th e  m ain d iffe re n ­
t ia tin g  h a b ita t  fa c to rs  b e tw een  bo th  populations. In th e  greenhouse both 
fa c to rs  w ere  sim u la ted , tram p lin g  and clipping as a s im u la tion  o f g raz ing  
e f fe c ts  w ere applied , s e p a ra te ly  and in com bination  (Fig. 1 and 2).
T ram pled  p lan ts  p roduced  m ore biom ass and m ore d au g h te r ro s e tte s  th an  
un tram p led  ones (Fig. 1). Fig. 2 shows th a t  p lan ts  inundated  w ith  s e a -w a te r  
(which is a sim ula tion  o f t id a l in fluences) fo rm ed  abou t th e  sam e am ount 
of biom ass as th e  co n tro ls . H ow ever, m ore d au g h te r ro s e tte s  w ere  found. 
All p lan ts  used in th e se  ex p erim en ts  cam e from  a m ixed seed  sam ple and 
i t  w as concluded th a t  v e g e ta tiv e  and g e n e ra tiv e  g row th  depended on th e  
tre a tm e n ts . M ore or less th e  sam e phenom ena as found in th is  ex p erim en t 
w ere observed  in dem ographic  s tud ies in th e  fie ld  (Table 1). Individuals 
w ithou t d au g h te r ro s e tte s  o ccu r a t  th e  edge o f th e  inner dunes w here 
tram p lin g  and flooding a re  n ea rly  absen t; th e se  p lan ts  rep ro d u ce  m ainly 
by seed . On th e  g razed  and flooded s ite s  along th e  c reek , only a few 
seedlings w ere  found and rep roduction  o ccu rred  v e g e ta tiv e ly . F u rth e r­
m ore, in th e  fie ld  ju s t as in th e  ex p erim en ts , th e  tram p led  p lan ts  p ro­
duced m ore biom ass p er individual th an  th e  u n tram pled  p lan ts  on th e  
h igher s ite s  o f the  a re a .
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It should be n o ted  th a t  th e  re a c tio n  of th e  Sea P lan ta in  to  a high degree 
of sa lin ity  depends on th e  s ta g e  in th e  life  cycle . Seedlings are  very  sus­
cep tib le  to  a high ch loride c o n te n t in th e  soil (Je rling  1982) w hereas 
adu lt p lan ts  a re  very  re s is ta n t to  th is env ironm en ta l f a c to r  (Cooper 1982). 
This underlines th a t  in s tu d ies  on th e  re a c tio n  of p lan ts  to  changing 
env iro n m en ta l conditions all s ta g e s  in th e  life  cycle o f th a t  p lan t should 
be considered  (Blom 1977; W atkinson & Gibson, th ese  proceedings).
G regor & Lang (1950) and J e f fe r ie s  (1977) p o stu la ted  fo r P .m a r i t im a  
th a t  th e  E uropean populations a re  highly v ariab le  and d iffe re n c es  betw een  
populations a re  m ainly g en e tica lly  d e te rm in ed . H ow ever, th is  study  sug­
g es ts  th a t  in sp ite  of th e  co n tra s tin g  se lec tio n  p ressures, no g en e tic  
d iffe ren ces  be tw een  both  populations ex is t a t  p re sen t. This can  be explained  
by th e  f a c t  th a t  in th is  regu la rly  flooded sa lt m arsh , w ith  th e  a c tiv itie s  
of wild and d om estic  g raz in g  an im als, seeds o f the  sea  p lan ta in  w ill be 
d ispersed  over re la tiv e ly  la rg e  su rfaces . F u rth e rm o re , th e  population  
in th e  inner dunes probably  has only been  estab lished  te n  y ea rs  ago. C hanges 
in th e  env ironm en t caused changes in th e  behaviour o f individual p lan ts  
o f th is sp ec ies. B ecause of th e  re la tiv e ly  lo ng -d istance  d ispersa l and the  
m ixing of th e  seeds from  both populations, se lec tio n  fo r p la s tic ity  in 
c h a ra c te r is tic s  such as surv ival, g row th  and form  of rep roduc tion  (vege­
ta t iv e  or g en e ra tiv e ) m ay have occu rred . H ow ever, in iso la ted  a re a s , it 
is possible th a t  d if fe re n t env iro n m en ta l fa c to rs  such as d if fe re n t g razing  
in te n s itie s  or freq u en c ies  of inundation  may lead  to  g e n e tic  d iffe re n tia tio n  
betw een  populations of P. m a r i t im a ,  which explains th e  findings o f e.g . 
J e f fe r ie s  (1977).
3. STUDIES WITH P L A N T A G O  M A J O R  SSP. P L E IO SP E R M A
Three populations o f P. m a jo r  ssp. p le io sp e rm a  w ere also s tu d ied . In th e  
N etherlands tw o subspecies o f P. m a jo r  occur; th e  com m on subspecies 
m a jo r  and th e  less abundan t subspecies p le io sp e rm a .  M arked d iffe ren ces  
in a llozym e freq u en c ies  be tw een  th ese  subspecies have been described  
by Van Dijk & Van D elden (1981). K uiper (1982, 1983) d istinguished  a high 
deg ree  o f pheno typ ic  p la s tic ity  in P. m a jo r  ssp. p le io sp e rm a  and a low 
d eg ree  o f p la s tic ity  in P. m a jo r  ssp. m ajor.  In th e  p re sen t study  the  
hypothesis was te s te d  th a t  be tw een  populations of P .m a jo r  ssp. p le io sp e rm a  
d iffe ren ces  in su rv ival, g row th  ra te  and rep ro d u c tiv e  e f fo r t  a re  
d e te rm in ed  m ainly by env iro n m en ta l fa c to rs . As in th e  Sea P lan ta in , 
th e  ex p e rim en ta l s tu d ies  w ith P. m a jo r  ssp. p le io sp e rm a  w ere  based  on 
dem ographic  in v estig a tio n s and soil analyses. The th re e  populations o rig i­
n a ted  from  th re e  d iffe re n t a re a s . No exchange of genes was ex p ec ted .
Table 3 shows som e soil and dem ographic  c h a ra c te r is tic s  o f th e  populations.
The f ir s t  a re a  was K wade Hoek, described  in the  f irs t  p a r t  of th is  paper. 
R e la tiv e ly  high leve ls  o f o rganic  m a tte r  and of to ta l  n itrogen  w ere  found 
in the  upper soil lay e rs  a t  th e  P .m a jo r  ssp. p le io s p e r m a -s ite . The v e g e ta tio n  
lay e r was dense w hich m eans th a t  co m p e titio n  betw een  herbs and grasses 
m ay be an im p o rta n t fa c to r . The biom ass p roduction  and seed ling  re c ru it­
m en t o f  P .m a jo r  ssp. p le io s p e r m a  a re  low. A perenn ia l life  cycle  was ob­
served  and only a few  p lan ts  of th is  species w ere found p er square  m e tre .
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Fig. 1. a ,b . The e f f e c t s  o f  c l ip p in g  and  tra m p l in g  on b io m a ss  p roduction  (a) 
and on th e  m e a n  n u m b e r s  o f  d a u g h te r  r o s e t t e s  p e r  p la n t  (b) o f  
P lan tago  m aritim a  grow n s e p a r a te l y  in  p o ts  in th e  g re en h o u se .  
The b io m a ss  is a p p r o x im a te d  b y  th e  m u l t ip l i c a t io n  o f  th e  m ean  
n u m b e rs  o f  leaves p e r  p la n t  (n) and  th e  le n g th  o f  th e  lo n g e s t  
l e a f  p e r  p la n t  (1).
O tram pling  t r e a t m e n t ,  •  no t r e a t m e n t ,  A  c l ipp ing  t r e a t m e n t ,  
A  c o m b in e d  c l ip p in g  and  tra m p lin g ,  T 2 S.E.
Fig. 2. a ,b . The e f f e c t s  o f  in u n d a tio n  w i th  sea  w a t e r  as w e l l  as w i t h  f r e s h  
w a t e r  on  th e  b io m a ss  p r o d u c t io n  (a) and  th e  m e a n  n u m b e r  o f  
d a u g h te r  r o s e t t e s  p e r  p la n t  (b) o f  P lan tag o  m aritim a  g ro w n  
s e p a r a te l y  in p o t s  in th e  g reen h o u se .  The b io m a ss  is a p p r o x im a te d  
b y  th e  m u l t ip l i c a t io n  o f  th e  m e a n  n u m b e r  o f  le a v e s  p e r  p la n t  (n) 
and  th e  m e a n  le n g th  o f  th e  lo n g e s t  l e a f  (1).
O In u n d a ted  w i t h  sea  w a te r ,  •  in u n d a te d  w i t h  f r e s h  w a t e r  
(contro ls) ,  J  2 S.E.
189
Table 3. Soil and demographic ch aracteristics in three populations of Plantago major ssp. pleiosperma.
Area Soil (0-15 cm) Demography
Organic
m atter
(%)
Total N 
g.m-2
Total P 
g.rrT2
Vegetation
layer
Vegetative
growth
g/g day
Seedling
recruitm ent
Life
cycle
Kwade Hoek 
(salt marsh)
26.4 710 75 dense 0.023 low perennial
Oostvoornse
Meer
(former beach 
plain)
1.3 115 42 open 0.021 low short-lived
Angeren 
(river bank)
2 .4 200 190 open 0.069 high annual or
short-lived
perennial
Table 4. R eciprocal transplant experim ent with three populations of P. major ssp. pleiosperma . 
(Results o f  greenhouse experiment in brackets).
Analysis o f variance: Dependent variables are log-transformed, except o f RGR (shoots). 
Components o f variance (sum o f squares) are given as proportion o f to ta l variance (100%).
Dependent variable:
Site (nutrient level)
Independent variables 
Population Interaction
Vegetative development:
dry weight of shoots 84.6 (88 .9) 1.3 (7 .8 ) 0 .8  (2 .3 )
 ^*★* j **★ ^***^ ★**
RGR (shoots) 27.9 (90 .9) 
**★
2.3 ( - ) 
★*
- ( - )
Generative development:
dry weight of seeds a (97 .1) a (0 .2 ) a (1 .1 )
 ^*★* J ( * )
Reproductive e ffo rt:
seed dry weight/shoot dry weight a (67 .9) a (12.4) a (12 .5)
(***) (***)  ^*** J
* P < 0.05, ** P < 0.01, *** P < 0.001, -  no significance
a No analysis of variance performed: variance of the cells not normally distributed, because variance within 
4 cells equals zero.
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A t th e  second a rea , O ostvoornse M eer, a fo rm er beach  plain, and a t  th e  
th ird , A ngeren, a r iv e r  bank exposed to  a lte rn a tin g  erosion and sed im en­
ta tio n , th e  organ ic  m a tte r  c o n te n t o f th e  soil and th e  lev e l o f to ta l  N 
w ere  re la tiv e ly  low, bu t a t  th e  la t te r  s ite  a high to ta l  am ount o f P was 
found. A t A ngeren th e  v e g e ta tiv e  g row th  was h igher th an  a t  th e  o th e r 
s ite s . G row th and rep ro d u ctio n  w ere sig n ifican tly  c o rre la te d  w ith th e  
am ount o f to ta l  phosphate in th e  soil as w ill be shown in a p ap er by L otz  & 
Blom (in prep .). Seedling re c ru itm e n t was high a t  A ngeren and an annual 
or sh o rt-liv ed  perenn ia l life  cycle  w as observed  a t  both  s ite s . The num ber 
o f P. m a jo r  p le io sp e rm a  individuals per square  m e tre  was much h igher a t  
A ngeren and O ostvoornse M eer than  a t  Kwade Hoek. In o rd e r to  in v esti­
g a te  th e  n a tu re  of d if fe re n c es  in g row th  and rep roduction  b e tw een  th e  
th re e  populations o f P. m a jo r  ssp. p le io sp e rm a  a tra n sp la n t and a g reen ­
house ex p erim en t w ere c a rr ie d  ou t.
The tw o ex p erim en ts  w ere conducted  w ith seeds c o llec ted  in 1982 from  
sev e ra l p lan ts  in th e  th re e  populations. The f ir s t  ex p erim en t w as a  re c i­
p roca l tra n sp la n t te s t  and th e  second a greenhouse ex p erim en t in which 
d iffe re n t leve ls  o f m inera l n u tr ie n ts  w ere supplied (op tim al, in te rm e d ia te , 
low). A t th e  end of May 1983 in each  of th e  th re e  h a b ita ts , 70 seedlings 
of each  population  w ere  p lan ted  a lte rn a te ly  in a grid . The su rv ival r a te  
o f th e  tra n sp la n ts  depended  on th e  study  s ite  (P < 0.001). The su rv ival r a te  
was h ighest a t  A ngeren and low est a t  Kwade Hoek. A t K wade Hoek and 
O ostvoornse M eer th e  su rv ival r a te  o f tran sp lan ts  from  th e  A ngeren 
population  was low er th an  those  of th e  o th e r populations (P < 0.001). The 
re la tiv e ly  high su rv ival r a te  a t  A ngeren m ay be ascribed  to  low co m p etitio n  
and to  th e  re la tiv e ly  high leve l o f n u tr ie n ts  in th e  soil o f th is  s ite , and 
th e  low surv ival ra te  a t  Kwade Hoek probably  to  th e  e f fe c ts  o f  a  high 
deg ree  o f co m p etitio n  due to  th e  dense v eg e ta tio n .
S ta tis t ic a l  analysis o f th e  re su lts  o f th e  tra n sp la n t ex p erim en t (Table 4) 
shows th a t  th e  va rian ce  in v e g e ta tiv e  developm ent was m ainly a f fe c te d  
by th e  independant v a riab le  "s ite"  (thus env ironm en ta lly  induced).
T able 4 also  sum m arizes th e  re su lts  of the  greenhouse ex p erim en t.
The va rian ce  in v e g e ta tiv e  and g en e ra tiv e  developm ent was m ainly due 
to  n u tr itio n a l fa c to rs . D ry w eight o f shoots also  co n ta ined  an im p o rtan t 
com ponent o f varian ce  due to  th e  fa c to rs  "population" and " in te ra c tio n  of 
s ite  and population". The varian ce  in rep ro d u ctiv e  e f fo r t  (expressed  as 
th e  ra tio  o f seed  dry w eight and shoot dry w eight) was explained  by 
n u tr itio n  as w ell as by population  and by th e  tw o-w ay in te ra c tio n . In 
o rd e r to  illu s tra te  th e  m ain fa c to r  e f fe c ts  and th e ir  in te ra c tio n , th e  d a ta  
of th e  rep ro d u c tiv e  e f fo r t  a re  shown in Fig. 3. R ep roductive  e f fo r t  was 
h ighest when n u tr ie n ts  w ere  in o p tim al supply. The e f f e c t  of m ineral 
n u tr itio n  depended on th e  population . F o r exam ple, a t  th e  lo w est lev e l 
of n u tr itio n  th e  rep ro d u c tiv e  e f fo r t  o f th e  A ngeren population (co rres­
ponding w ith  a n u tr ie n t-r ic h  h a b ita t)  is s ig n ifican tly  low er th an  th a t  o f 
th e  O ostvoornse M eer population  (corresponding w ith a n u tr ien t-p o o r 
h a b ita t) . F u rth e rm o re , th e  d is trib u tio n  of flow ering  freq u en c ies  ( f irs t d a te s  
o f flow ering) depended s ig n ifican tly  on "population" (L otz & Blom, in prep.).
In th e  second p a r t o f th is  paper th e  n a tu re  of d iffe re n c es  in th re e  popu­
la tio n s  o f P. m ajor ssp. p le io s p e r m a  from  d if fe re n t, iso la ted  a re a s  w ere  
s tu d ied . Also in th is sp ec ies, th e  v e g e ta tiv e  and g e n e ra tiv e  developm ent 
o f individuals w ithin th e  th re e  populations has been d e te rm in ed  m ainly
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Fig. 3. R e p r o d u c t i v e  e f f o r t  (dry  w e ig h t  o f  s e e d s /d r y  w e ig h t  o f  shoo ts )  
o f  th r e e  p o p u la t io n s  o f  P lan tag o  m ajor ssp .  p le io sperm a in a 
g r e e n h o u se  e x p e r i m e n t  (m eans + s.d . a re  g iven ;  n  = 6).
T h ree  le v e ls  o f  H oag land  m in e r a ls  w e r e  supp l ied .
A ng:  A n g e r e n ,  OM: O o s t v o o m s e  M e e r ,  KH: K w a d e  H oek .
by en v iro n m en ta l c h a ra c te r is tic s . This phenotypic  p la s tic ity  may c o n tr i­
bu te  to  th e  ab ility  of th is  subspecies to  invade new h a b ita ts  and to  cope 
w ith changing env iro n m en ta l fa c to rs , a fe a tu re  w hich is o f g re a t adap tiv e  
sign ificance  in th e  orig inal h a b ita t  of th e se  populations. H ow ever, som e 
s tag es  in th e  life  cycle  such as th e  surv ival r a te  of th e  tran sp lan ts , 
th e  d a te  o f f ir s t  flow ering  and th e  rep ro d u c tiv e  e f fo r t  a re  p a r tly  g e n e ti­
ca lly  d e te rm in ed . I t  may be p o stu la ted  th a t  in th is  subspecies, se lec tio n  
occurs e spec ia lly  in th e se  phases of th e  life  cycle .
4. DISCUSSION
It can  be s ta te d  th a t  d iffe re n t life -h is to ry  c h a ra c te r is tic s  be tw een  both 
populations of P. m a r i t i m e  and b e tw een  th e  populations o f P. m a jo r  ssp. 
p le io sp e rm a  w ere found. With both species a com m on hypothesis was th a t  
th ese  d if fe re n t dem ographic  c h a ra c te r is tic s  a re  m ainly caused  by environ­
m en ta l fa c to rs . As w as shown in th is  paper re la tiv e ly  e x tre m e  v a ria tio n s 
in the  te r r e s tr ia l  env ironm en t, such as d iffe ren ces  in g raz ing  and flooding 
in ten s ity , bu t also  fa c to rs  such as m ic ro -c lim a te , hum idity , d iffe ren ces  
in ligh t in ten s ity  and changes in ch em ica l or physical cond itions of th e  
soil, m ay o ccu r a t  d is tan ces  which a re  too  sm all fo r ad a p ta tio n  to  occur 
by g e n e tic  d if fe re n tia tio n  (see also  Bradshaw  1965). If th is  a c ts  on popula­
tions w ithou t rep ro d u c tiv e  iso la tio n  se lec tio n  favours p la s tic ity  as was
proved fo r P. m a r i t im a .  G regor (1956) found, too , th a t  in an  exposed 
a re a , occupied  by a dw arf population  o f P. m a r i t im a ,  shallow  depressions 
in the  a re a  caused ta l le r  p lan ts  than  was the  case  w ith p lan ts  s itu a te d  
in th e  h igher p a rts . In ex p erim en ts  under co n tro lled  conditions, how ever, 
th ese  d iffe re n c es  d isappeared  in five of th e  six sam ples exam ined .
If changes in space  occu r over reasonab le  d is tan ces  and no exchange of 
genes occurs, p lan t spec ies usually ad ap t them selves by th e  fo rm atio n  of 
g en e tica lly  d if fe re n t populations. For exam ple, th e  g re a t d is tan ces  betw een  
th e  s tud ied  s ite s  of P. m a jo r  ssp. p le io sp e rm a ,  th e  species w ith  th e  high 
deg ree  of phenotypic  p la s tic ity , m ay explain th e  o ccu rren ce  o f som e g en e tic  
polym orphism  fo r c e r ta in  c h a ra c te r is tic s .
When we fina lly  com pare th e  re su lts  ob ta ined  w ith P. m a jo r  ssp. p le io sp e rm a  
-  a species o f ru d era l s ite s  w ith  strong ly  f lu c tu a tin g  en v iro n m en ta l fa c to rs  -  
w ith th e  re su lts  ob ta ined  w ith P. lan c eo la ta ,  a  species o f g rasslands w ith 
m ore s tab le  env ironm en ta l conditions (L am bers e t  a l. ,  th e se  proceedings) 
i t  appears th a t  a c e r ta in  s im ila rity  was found w ith  re sp e c t to  th e  phenom ena 
g e n e tic  d iffe re n tia tio n  and f itn e ss . For P. la n c e o la ta  se lec tio n  during th e  
seed ling  s ta g e  could no t be c learly  proved, which corresponds to  th e  findings 
o f A ntonovics & P rim ack  (1982). H ow ever, th e re  a re  ind ica tio n s (J.M . van 
G roenendael, p ers . com m .) th a t  under c e r ta in  c ircu m stan ces  se lec tio n  during 
th e  f i r s t  s tag es  in th e  life  cy c le  can no t be to ta lly  excluded . In tra n sp la n t 
ex p erim en ts  w ith  P. la n c e o la ta  d iffe re n c es  in f itn e ss  during th e  g en e ra tiv e  
s ta g e  w ere found by Van d e r Toorn e t  al.  (1984). In add ition , Van D am m e 
(these  proceedings), d e m o n s tra te d  th a t  in P. la n c eo la ta  se lec tio n  fo r m ale 
s te r il i ty  is also  re s tr ic te d  to  th e  ad u lt phase. I t can concluded th a t  fo r 
P. la n c eo la ta  and for P. m a jo r  ssp. p le io sp e rm a ,  g e n e tic  d iffe re n tia tio n  
in th e se  spec ies occu rs a t  le a s t  during th e  ad u lt s tag es  in th e  life  cycle .
The question  rem ains as to  how fa r  th e se  re su lts  can also  be applied  to  
o th e r p lan t species w hich a re  p re sen t in th e  P lan tago  h a b ita ts . This a sp ec t 
w ill be in v es tig a ted  in th e  com ing y ears .
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